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INTRODUCTION 
The acoustic microscope, which utilizes focused ultrasound at hundreds of megahertz or even a few 
gigahertz, can have comparable wavelength and therefore resolution with the optical microscope since the 
velocity of ultrasound is five orders lower than that of light in fluid media [1, 2]. Since the appearance of the 
first acoustic microscope [3], extensive research has been devoted to its applications in the nondestructive 
testing of materials. With this instrument high contrast micrographs can be obtained which contain unique 
information not available in other imaging tools and the elastic properties of optically opaque materials can 
be determined. It is particularly suitable for detecting surface and subsurface defects in metal and ceramic 
materials and for examining integrated circuits and biological cells. 
One unique attribute for the contrast mechanism in the acoustic microscope is the acoustic material 
signature, i.e., the so-called V (z) curve. It is the output voltage as a function of defocusing z where z is the 
spacing between the sample surface and the focal plane. When the sample moves from the focal plane (z=O) 
towards the lens (z<O), negative defocusing results and the observed V(z) undergoes a periodic oscillation 
[4-6]. On one hand, the V(z) curve explains the corresponding contrasts obtained with specific defocusing in 
typical imaging applications since the nonuniform profIle of the sample corresponds to different z values. 
On the other hand, the leaky wave velocity and attenuation can be determined based on the period of the 
curve and the depth of minima, respectively [7]. The combination of the amplitude of phase data for the 
V(z) curve can be inverted to yield the precise reflection function [8]. With the line-focused-beam 
configuration the anisotropic properties of materials can be analyzed [6]. 
Analytical models have been developed by two fundamental approaches, i.e., the angular spectrum 
approach [9] which is based on Fourier optics, and the ray model which approximates the wave fields by two 
groups of rays [10, 11]. Both of them use the paraxial approximations. Liang et al, [8] extend the angular 
spectrum model to the nonparaxial case through the use of Hankel transforms. 
According to the ray model, two groups of rays, A and B as indicated in Figure 1, play the dominant role. 
Group A is normally incident to and reflected from the sample and B is at the Rayleigh angle. With different 
defocusing, the path or phase difference between them also varies and the interference leads to V(z). This is 
valid for the typical narrow-band toneburst excitation for imaging purposes. Impulsive excitation, on the 
other hand, provides a means for resolving the time signals, which is useful for measuring the Rayleigh 
wave velocity and attenuation in materials without any scan. The resolved time signals have been observed 
experimentally by several authors [7, 12]. 
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Figure 1. Probe configuration for the acoustic microscope. 
In this paper, a numerical model is developed for analyzing the ultrasonic pulses propagating in the 
acoustic microscope. Since the acoustic microscope system involves relatively complex geometry and 
multiple materials, analytical models only work subject to necessary approximations and restrictions. The 
finite element method does not suffer from such limitations. This method has been used for modeling 
ultrasonic NDE phenomena at low frequencies [13-16]. The center frequency modeled in this work is 20 
MHz since the computer resources available are still limited. 
FINITE ELEMENT MODELING 
The finite element method is a well established numerical procedure for solving partial differential 
equations in science and engineering. Here is an outline of the axisymmetric implementation procedure of 
the method for solving the problem of elastic wave propagation. The governing equation for an isotropic 
medium with neglected body force and viscous damping is as follows 
(1) 
which, under axisymmetric condition, reduces to [17] 
V·T=pU (2) 
where 
(3) 
The stress and stain tensors are 
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T = CS = [Trr 
S = [Srr T Szz 2Srz Saa] = AU 
where 
and 
Upon discretization of the problem domain to quadrilateral isoparametric elements, the following matrix 
equation is derived using either the weighted residual or energy functional approach [13-16] 
(4) 
(5) 
(6) 
(6) 
(7) 
where K is the global stiffness matrix, M is the global mass matrix, F incorporates the traction boundary 
condition, and U is the displacement vector. Throughout this study the traction free boundary conditions are 
used except for the transducer surface. The axis of symmetry is a rigid boundary for the radial displacement 
only. The usual approach for the solution of the above transient equation is through direct time integration 
which uses either implicit schemes such as the Newmark method, or explicit schemes such as the central 
difference method. The latter method is chosen for this study because of its computational efficiency. The 
central difference approximation for the second derivative in Eq. (7) leads to 
I (2 } I ~MUt+~t =Ft - K- 2 M t --2 MU t_& ~t ~t ~t (8) 
It is seen that the coefficient matrix on the left side involves the mass matrix only. This means that it can be 
lumped to a diagonal matrix so that the matrix inversion process is avoided. One of the lumping techniques 
is to let the nondiagonal elements be zero and the diagonal elements are multiplied by a constant coefficient 
so that the total mass is conserved. Then we have 
( D)-I 2 (D)-I 2 Ut+~t = M ~t Ft - M K& Ut +Wt -Ut-~t (9) 
where MD is the lumped mass matrix. Therefore it is a two step scheme and a starting procedure is needed 
for the time stepping process. Zero initial conditions for both the displacement and its ftrst derivative are 
assumed. If we use the backward difference approximation for the ftrst derivative, then the initial conditions 
for the displacement at (-l1t) are also zero. This scheme suffers the disadvantage of being conditionally 
stable. This means that the time step should be kept smaller than a critical value. 
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RESULTS AND DISCUSSION 
In this study, the acoustic microscope is modeled by the geometries shown in Figure 2, where the 
coupling medium and the ceramic sample have the following mechanical properties 
Coupling medium: V1=1500 mis, V.=8OO mis, p=1000 kg/m3 
Ceramic sample: V1=9400 mis, V.=5640 mis, p=3970 kg/m3 
A raised cosine excitation signal is applied unifonnly over the spherical surface. Figure 2(a) differs from (b) 
in that they represent different defocusing and the latter configuration includes three cases: without crack, 
with crack 1 at radial distance r=0.05cm, and with crack 2 at r=0.1 cm, respectively. The thickness of the 
crack is only a few percent of the longitudinal wavelength in the sample. 
Figure 3 displays the wave profiles (Z-displacement) for the configuration in Figure 2(a) at (a) t=1.25, (b) 
t=1.5 and (c) t=1.75~, respectively. At t=1.25~, the focused wave front reaches the planar interface and 
reflects back to the coupling medium. A refraction also occurs. In addition, it can be observed that a 
Rayleigh wave also propagates along the interface towards the axis of symmetry. It could be due to that part 
of the focused beam incident to the interface at or around the Rayleigh angle. The profiles at t= 1.5 and 1.75 
~ indicate that the Rayleigh wave propagates away from the axis and decreases in magnitude. Associated 
with this wave there is another wave front propagating back to the coupling medium. Figure 4 shows the 
transient wave fields at different spatial points for the same geometry. The left column, i.e., Figure 4(a), is 
for points on the curved surface. There are four major pulses. In the middle plot, for example, the first pulse 
is the initially excited Z-displacement, the second is a surface Rayleigh wave from the transducer edge, the 
third is a specular reflection from the planar interface and the fourth one is the wave front excited from the 
interface Rayleigh wave. The right column, i.e., Figure 4(b), is for points on the planar interface and two 
major wave components are indicated. Near the axis of symmetry, the Rayleigh waves propagating inward 
and outward are just separated. Farther form the axis, the two waves are significantly separated. Beyond 
some point only outward propagating Rayleigh wave exists as indicated in the third plot. From these plots, 
the Rayleigh wave velocity is estimated to be 5200 mls which is in agreement with the analytical value [2]. 
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Figure 2. Axisymmetric gometries for modeling the acoustic microscope. The length values are in 
centimeters. 
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Figure 3. Wave profiles for the configuration in Figure 2(a), (a) t=1.25 1lS, (b) t=1.5 J.LS and (c) t=1.75 J.LS. 
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Figure 4. Transient wave fields for the configuration in Figure 2(a), (a) on the curved surface, (b) on the 
planar interface. The three plots in each colmnn are for radial locations r=0.025, 0.1 and 0.175 em, 
respectively. The vertical axis is Z-displacement and the horizontal axis is time in microseconds. 
Figure 5 shows the wave profiles at t=l J.lS for the geometry in Figure 2(b), (a) without crack, (b) with 
crackl atr=O.05 cm and (c) with crack atr=O.l em on the sample surface. The comparison of Figure 5(a) 
and Figure 3(a) indicates similar wave mechanism with only a time shift due to different negative 
defocusing. It is seen from Figure 5(b) and (c) that when the excited Rayleigh wave propagates toward the 
axis and reaches the crack, it is reflected back and propagates along the interface towards the edge. It is also 
noted that an associated longitudinal wave front propagates back to the coupling medium. Figure 6 
compares the transient wave fields for the geometry in Figure 2(b) without or with cracks. It is seen from the 
left colmnn that when the crack position is farther from the axis (if not out of the Rayleigh angle limit), the 
time it takes will be shorter for the wave front radiated back to the coupling medium from the interface 
Raleigh wave to reach the curved surface since the then reflected path to the surface is shorter. The wave 
fields in colmnn (b) confmn that it takes least time for the interface Rayleigh wave to reach the specified 
point with the presence of crack 2 which is farther away from the axis than crack 1. 
CONCLUSIONS 
The wave fields in an acoustic microscope are analyzed using the finite element method. The results 
agree with the established analytical formulations. When the spherically focused beam reaches the interface 
of the coupling medium and the sample, an interface Rayleigh wave, typically called the leaky Rayleigh 
wave, will be excited along the interface provided that the beam contains rays around the Rayleigh angle. 
This wave reradiates a longitudinal wave back to the coupling medium. As the leaky Rayleigh wave reaches 
a crack in its path both reflection and reradiation occur. 
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Figure 5. Wave profiles for the configuration in Figure 2(b) at t=l J,IS, (a) without crack, (b) with crack 1 
only and (c) with crack 2 only. 
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Figure 6. Transient wave fields for configuration (b) in Figure 2. (a) Without crack, (b) with crack I, and 
(c) with crack 2. The left plot in each case is for radial location r=0.175 em on the curved surface and the 
right plot is for radial location r=0.15 em on the planar interface. Axis labels are the same as in Figure 4. 
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